17*9 ± 0-8 days, while animals challenged during the period of RE depression survived 7.9 ± 0-4 days. An increased incidence of respiratory distress and nasal discharge was observed in the animals with impaired survival. Thus, surgical manipulation may transiently compromise RES systemic host defence and may be reflected in an increment in the pulmonary localization of blood-borne tumour cells. The relationship of this altered pattern of tumour cell distribution to the impaired survival remains to be determined, and warrants investigation.
in the host response to neoplastic cells. Attempts to identify the factors modulating the phagocytic activity of the macrophage system, following tumour challenge as well as during metastatic disease, has previously emphasized the importance of the RE cell hypertrophy and hyperplasia (Old et al., 1960 (Old et al., , 1961 ). In contrast, recent data have emphasized the importance of a humoral factor in both the activation of macrophage activity and the development of terminal RES dysfunction Saba and Antikatzides, 1975; Antikatzides and Saba, 1976) . This humoral deficit during the later periods of tumour growth has been demonstrated in both animals (Saba and Antikatzides, 1975) and man (Pisano, Di Luzio and Salky, 1970; Pisano et al., 1972) and is related to the blood level of a specific alpha-2-globulin, also called recognition factor or a2-RE glycoprotein, which has both opsonic and chemotactic properties (Allen, Saba and Molnar, 1973; Blumenstock et al., 1976) . This protein exerts a modulating influence on macrophage uptake of non-bacterial matter, both in vitro and in vivo Di Luzio, 1975; Saba, 1975a) , and disturbances of the RES systemic clearance capacity, following major surgery as well as traumatic shock, appears to be, in part, mediated by an acute but transient depletion and/or inhibition of this specific glycoprotein (Saba, 1970 (Saba, , 1972 (Saba, , 1975b which can now be measured by immunoassay .
Demonstration of a postoperative RE depression in conjunction with a deficiency of this opsonic alpha-2-glycoprotein has employed colloid clearance as an index of RE function (Saba, 1970 (Saba, , 1972 Saba and Scovill, 1975) . The major organ involved in the clearance depression is the liver, and an inverse relationship appears to exist between hepatic clearance following both surgical trauma and whole body trauma and the level of pulmonary uptake of blood-borne particulate matter (Saba, 1975b) . These observations, coupled with the finding that the entrance of neoplastic cells into the vascular compartment can deplete the plasma opsonin level (Antikatzides and Saba, 1976; Di Luzio et al., 1972) , suggest that postoperative hypo-opsonaemia and reticuloendothelial failure may precariously alter the systemic defence with respect to clearance and/or destruction of blood-borne tumour cells, and may be reflected in an increment in the pulmonary localization of viable tumour cells.
In the present study, experiments were designed to evaluate the concept that i.v. tumour cell challenge following surgery (during a period of postoperative RES depression) would be reflected in decreased liver uptake of these cells and an increment in pulmonary localization. The possibility that this event would reflect itself in an alteration in the survival rate to tumour cell challenge was also examined. (Allen et al., 1973; Blumenstock et al., 1976; Pisano et al., 1970; Saba and Di Luzio, 1969) . Plasma bioassayed for phagocytic stimulatory activity was obtained by vena cava puncture and maintained briefly at 4°C prior to evaluation.
The surgical stress consisted of a mid-line laparotomy approximately 5 cm long, coupled with gentle intestinal manipulation for 15-30 s or a 1*5-cm jejunal incision under light ether anaesthesia (Saba, 1972) . Following the surgical procedure, the incision wAas rapidly closed with 6-0 silk suture, utilizing an interrupted stitch, and the anaesthesia was terminated. Control rats w%vere exposed to similar conditions of anaesthetization. Following surgery, the rats were mobile w!ithin a few minutes after termination of the anaesthesia.
Reticuloendothelial (RE) phagoeytic function was assessed w%ith a colloid clearance technique coupled with in vivo colloid distribution studies (Saba and Antikatzides, 1975; Saba and Di Luzio, 1969; Salky et al., 1964) . The [1311] gelatinized "' RE test lipid emulsion ", previously shown to be selectively removed by the process of phagocytosis, especially by the liver and spleen, was utilized (Saba and Di Luzio, 1969; Salky et al., 1964) . The emulsion was prepared from glycerol, [1311] [1311] radioactivity was plotted semilogarithmically against time in minutes, and clearance half-times (t/2) as well as the global phagocytic index (K) for the vascular phagocytic removal of the colloid were determined. At 10 min post-injection, distribution of the test particle in the liver, lungs, and spleen was evaluated (Saba and Di Luzio, 1969 ) on a wet weight basis, and expressed as the percentage of the injected dose phagocytized per gram (0/ ID/g) and per total organ (%ID/TO).
Phagocytic stimulatory or opsonic capacity of plasma was determined with a liver slice technique, in which plasma from normal rats and from rats at 60 min post-surgery during RE depression was comparatively evaluated for its ability to stimulate hepatic Kupffer cell phagocytosis Mansell et al., 1975; Saba and Di Luzio, 1969; Saba and Antikatzides, 1975) . The incubation system consisted of 3 ml of heparinized (50 USP u/ml) control or experimental plasma medium, 2000 jg of the [1311] lipid emulsion (1% lipid emulsion with 0.1% gelatin), and liver slices, as previously described (Saba and Di Luzio, 1969 (Di Luzio, 1975; Pisano et al., 1970; Saba, 1970 Saba, , 1972 and the precision of the assay for quantifying blood level alterations has recently been confirmed by immunoassay, utilizing monospecific antiserum to the isolated opsonic alpha-2-glycoprotein .
For tumour colony maintenance, male Holtzman rats weighing 60-70 g and approximately 22-30 days of age were used in all experiments as recipients (Saba and Antikatzides, 1975 For the surgical studies in terms of survival to tumour-cell challenge, each preand post-operative experimental recipient rat received 2 x 103 viable cells i.v. in a volume of 0-2 ml of sterile saline. Controls were anaesthetized and injected with 0-2 ml saline.
For distribution studies with the [51Crl-labelled tumour cells, a load of 1.0 x 106 viable cells (i.v.) was used in a volume of 0 5 ml saline, and controls received 0 5 ml saline. The technique for 51[Cr]-labelling of the tumour cells was very similar to that used by Fisher and Fisher (1967) (Saba, 1972) . As can be seen, there exists at this time a significant (P < 0.05) decrease in the clearance of the RES as reflected in both the half-time for vascular clearance of test colloid and the decrease (P < 0.05) in the global phagocytic index (K). The clearance decrease was primarily due to a decline in hepatic Kupffer cell phagocytosis of the test colloid, and apparent on both a per gram and per total organ basis. At the time of Kupffer cell clearance depression there was a significant (P < 0.05) increment in lung localization of the test particles. During the period of postoperative phagocytic depression there was a clear decrease also in the phagocytosispromoting capacity of the plasma (Table) . In this phase of the study, the in vitro phagocytic activity of liver slices obtained from normal animals was evaluated with respect to their phagocytic activity in the presence of either normal or post-surgery plasma. Kupffer cells from normal animals phagocytized very well in normal plasma. In contrast, post-surgery plasma manifested a significant (P < 0-01) deficiency in ability to support phagocytosis. We have previously reported that both Kupffer cells from normal and post-surgery rats phagocytize comparably in normal plasma (Saba and Scovill, 1975) There was a significant (P < 0.05) decrease in the localization of the tumour cells in the liver but not in the spleen (Fig. 1) during the post-surgical RE depression (Table) . The decrease in the liver is most related to the overall RES clearance deficit because of the total cumulative capacity of the liver as opposed to the spleen. In contrast, there was at this time a significant (P < 0.05) increment in the pulmonary localization of the [51Cr]-tagged Walker 256 cells at 10 min post-tumour cell injection. Distribution studies done at earlier periods following surgery (15 and 30 min) also demonstrated asimilarpatternof tumour cell localization, which again corresponds to periods of RES hepatic clearance alterations (Saba, 1970 (Saba, , 1972 .
Since the distribution of tumour cells was acutely altered by prior surgical manipulation of the host, and associated with an increment in pulmonary localization, the survival pattern of control animals and post-surgery animals challenged with viable unlabelled tumour cells (2 x 103) during the period of RE depression was studied. As presented in Fig. 2 , there was a striking significant difference in the survival curve for rats challenged systemically with the viable tumour cells following surgery, in contrast to normal rats. The mean survival time for the normal control group was 17-9 ± 0-8 days. In contrast, the mean survival in the postoperative RE-depressed group was 7-9 + 0 4 days, which was statistically (P < 0-01) less than controls. We observed persistent respiratory insufficiency in the tumour-challenged post-operative rats.
DISCUSSION
Previous studies in animals and humans have documented a significant and transient depression of the reticuloendothelial system (RES) following surgery (Donovan, 1967; Saba and Scovill, 1975; Schildt et al., 1974) . This phenomenon has been documented in both rats and dogs following both coeliotomy and abdominal surgery (Saba and Scovill, 1975) (Donovan, 1967) as well as in both renal donor and renal recipient patients (Di Luzio and Lindsay, 1973) . Recent studies by Schildt et al. (1974) have also demonstrated impaired denatured albumin clearance by the RES in patients following combined injuries and trauma, which correlates with findings on humoral deficits in systemic host defence following whole-body trauma in both animals and humans (Saba, 1975b) . Attempts to discern the aetiologic mechanisms resulting in postoperative and post-traumatic RE depression have suggested a humoral deficit, i.e., a depletion of a2-RE glycoprotein which is opsonic in the genesis of hepatic Kupffer-cell phagocytic clearance dysfunction (Saba and Scovill, 1975) . A similar state of alpha-2-globulin hypo-opsonaemia has recently been observed in other experimental models, which include major surgery, burn injury, haemorrhagic shock, and whole-body trauma (Saba, 1975b (Saba, 1970; Saba and Scovill, 1975) . This protein has recently been isolated and biochemically characterized as an alpha-2-acid glycoprotein of large mol. wt. (800,000 daltons at 37°C) which is highly dependent on heparin for expression of its phagocytosis stimulatory activity (Allen et al., 1973; Blumenstock et al., 1976) in terms of nonbacterial phagocytosis. Its level as measured by the bioassay used in the present investigation correlates well with the functional state of the RES in terms of clearance of blood-borne non-bacterial particulate matter (Saba and Di Luzio, 1969) and it can now be quantified by immunoassay .
The relationship of macrophage function as well as operative stress to resistance to neoplastic disease is supported by a variety of observations (Levy and Wheelock, 1974; Saba, 1972) . In terms of surgical trauma, Roberts et al. (1960) demonstrated that surgical manipulation of cancer patients resulted in an abrupt appearance of malignant cells in the circulation. El Rifi et al. (1965) documented that surgery in a tumour-bearing host was correlated with both the appearance of viable tumour cells in the blood and an increased incidence of pulmonary metastases. These findings appear to correlate well with the early studies of GordonTaylor (1959) (Lewis and Cole, 1958; Saba, 1972) . In terms of the RES, stimulation of macrophages will increase resistance to tumour growth, and prior experimental depression of the macrophage will compromise tumour resistance (Diller et al., 1963; Di Luzio, 1975; Old et al., 1961; Stern, 1960) . Moreover, as documented by Stern (1960) and Stern, Bartizal and Divshoni (1967) there appears to be a good correlation between the macrophage phagocytosis, as measured by colloid uptake, in various strains of mice which manifest clear differences in the spontaneous indices of malignant disease. While past findings have emphasized macrophage proliferative capacity in the RE response to tumour challenge (Old et al., 1960) , more recent studies have suggested that humoral factors (Saba and Antikatzides, 1975) may, in part, modulate the surveillance mechanism (Di Luzio, 1975) of the macrophage cell. Macrophages are capable of phagocytic ingestion of tumour cells, action which can be augmented by serum (Di Luzio, 1975) and recent studies have confirmed the cytotoxic capability of macrophages with regard to neoplastic cells (Keller, 1976; Levy and Wheelock, 1974) . This cytotoxic capacity appears to be mediated in part by lysosomal enzyme release, and can be impaired by trypan blue.
In the present study, acute dysfunction of the macrophage system, especially the Kupffer cells in the liver, has been demonstrated following surgical intervention. Additionally, there is an increased localization of viable tumour cells in the lung, if they gain entrance into the blood during periods of postoperative RE depression. This inverse relationship for viable tumour cells has been previously shown with 27 respect to the postoperative and posttraumatic clearance of other particulate substances (Saba, 1975b) . The significance of this event to post-injury microembolization in the pulmonary bed has been speculated about but lacks clarification. Additionally, it can only be speculated at this time whether postoperative pulmonary metastatic involvement (Buinauskas, McDonald and Cole, 1958; El Rifi et al., 1965 ) may in part be related to a transient compromise of systemic host defence (Saba, 1972; Saba and Scovill, 1975) .
Recent findings by Mansell et al. (1975) , utilizing the alpha-2-globulin opsonic protein or so-called recognition factor (RF) protein (Di Luzio, 1975; Di Luzio et al., 1974) , have documented the ability for this protein (especially in conjunction with glucan, a macrophage activator) to induce necrosis of malignant lesions in patients (Mansell et al., 1975) . Additionally, opsonin depletion has been documented in animals following the i.v. administration of both viable Walker 256 tumour cells (Antikatzides and Saba, 1976 ) and leukaemic leucocytes but not with injection ofnormal leucocytes. Since opsonin depletion can result from the vascular entrance of particulate matter to be phagocytized (Saba and Di Luzio, 1969) , and since this glycoprotein fraction can reverse particle-induced RE blockade, it seems reasonable to speculate that the administration of this protein during surgery may, in part, circumvent postoperative RE depression. Antiserum ) against this isolated protein will decrease in vitro and in vivo RE cell ingestion of specific colloids, which further emphasizes the governing influence this protein may exert on hepatic RE clearance of non-bacterial particulate matter. It should be emphasized, however, that the present data do not demonstrate a functional cause-andeffect relationship between the increased number of tumour cells in the lung in the operated group and the decreased survival pattern. The basis for the altered survival remains to be determined, in addition to delineation of the mechanism for the increased tumour cell localization in the lungs. This may be related to lung phagocytosis, non-specific embolization, perhaps in association with fibrin, or mediated via an alternate unsuspected mechanism. These observations warrant further experimental investigation as well as clinical consideration.
